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R NP EEBERES ZRBERTERR/IMZIMA

R HRr BRAE KB RRuE GRE KEY UIiAE

AR R S E T T e b el

W B

AN BREEZZ R TT LR TT 22 A KRS A TR ¢
BEREEERIANTEL B ST - RBRHARARAIEGE T R VT RMT AH
FHAARIE ) HITAANAT TR T ELBMZRE - A1SFLTHE - AR
PRER 3 B 2 e R K 3B P XAk T AL # B JE A% A 8 48 S%4& (Inductively Coupled
Plasma Mass Spectrometer, [CP-MS) 547 » Bl 3 275 50 71 b~ 45 RASSZ M5
Jrik o MR AL R AL L dn LA A B H ATk 0 ABF R A 4 R IR RE A
JATICP-MS 2L 5 K B R JE 4% 48 4 o 7t B 5% & (Inductively Coupled Plasma Tandem
Mass Spectrometer, ICP-MS/MS) L AAE X 2 7B S8 - R4 2 2 047 540 % 3 AL
fsa T3k 2 %% o 4 RITICP-MS#4 mL/min L F AR T > B Féa o2 F s
25045 2A B T AR B AR 2 SR AR o JLBE T XICP-MS/MS AR A AT 40 4 & 2 2K
oo ARG TG MBE i m0.02 0.1 mg/kg & F &M 7T F BAT A e R
A AICP-MS LA R BT M o EERET » AP~ 47 RAE T H DL FEAN7192.5-
111.3% * % ZAFREA1.3-9.9% ° R 52 T FARE - 7200 - 45 RASSH L
0.02 mg/kg © AHF 5P IE SLZ MR 7 R AT A BT A S 0 B AR RO RAT -

RIS 1 i) A EEM - MO - MERABEEREE - RERLE

AR - |1LsA

[l

Al

AR ERE AT AT RS E - nr Al A
R e E @R I 3 B B R/ R i
ARG EEEE S B2 IMEAE - 1
B SRR KR - Godebo N IRIBAT AT &
& R ET S 2E B T 55 1S SR A 1678 T
FHRERML o A5 - RN BN
B v IR e EiE 0 F RN
aEtES o MKEEIFFIEINZ B 5 ST H
B BE - AR R IR ISR
& Ef70.1-0.3 mg/kg » H A S DU B B R AR EG

I SRR B - A0 T RN TR
#0.22-10.8 mg/kg * [MV550 1) - 24 FE BIAR
+IEE 5 E0.026 mg/kg? o FHAAHH - §F ~ KK
hEMTE REEESE - A EEIL
SeJIHEH 85 SR EN AR T -

WA R B B H M T R A A - SRS
& A (Inorganic arsenic) » HEHERHAY
AR EE - PR EEA G R - RN
R BIR R AL RS DI IR R
e o RS REN R AR
B~ DIE -~ MR~ B IR S RS i
2O g LR T o DA RN
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RISV BN

AR R FR - E ke AR S 2K - B
RIS BN - $RR— R E s
& - FIEEIEREY SoREEYEY - BAS
FlEsREESET kIEE - E2AT  RIfg
MNERI SRS 2B I~ il & ERR - &
TSR~ B TS - B E R - s8R
FEREETREIL - BEAR - BITHEE
VB EE TR HR S KR S B MR
RIEREM 2 H A - 54 TR . ¢ e RE
ERAURICRRBEE R - B A HER I
HGEE WIS RAH - SRKINABEEE—E
FERERNR [RE/K(RE - SERRCA IS B RES - 8
FEEEE AN - R BT - £ - L
B R HASSRFAITIRE » IR E AR S Bk A
HHES - ERBFREERN R ERE FR R -
ZENEHRESHRET » RN ES
HIAE R ~ EE PRI AESE NP5 I8
BEMRETRER®

TR 2 TT 3R 53 BT AICP-M S By o B
i - ICP-MSDLE R Rl - SIT8R 57
Mri - Bl LEEREIRLE B HERIRE L -
G EHE A - BEH R LR &
Ros o P EALHE—) - T FHER IR
HID o TCP-MS ;{5 F 8 STl 1 7 =X g 1k 2 [
THEF T8 fEfEREE T - LRI
ST YIEE T B E KRN EE A - T
Bt B A RO fE AR L - IR LIRS
ZheE - {EBEBEREEE % - EMKED (Kinetic
energy discrimination)f& =, » K KAERAYZ
T-HETUERR - RS R SRERR ST YIRE T 27
IEPYMRAR(Quadruple, Q) » 43 HT ) BE HEHERE E
50 .

ICP-MS/MS Z & 5 & & 53 1 Wy B P 1%
FR(Q1&Q2) ke hilfi 4% 5 [ it (Octopole Reaction
System, ORS)#HEY « 734 #& FE ALt I B
TR HQ1 S ffi 28 11T B il 15t AORS -+ Bilj@ A
ZRESETE - RHQREmEEYIBET - DL
AfFRNERME - AEESHE(LP R &b

0 =R EBRTEMERGED)” -
Mo’ +0,— MoO' + 0O AH=0.17eV(Z—)
MoO" + 0, — MoO, + O AH=-0.46eV(z )
Mohamed % A K Godebe % A VA ki I @]
AR R TR SRR - DB OEE LS
i B (0 VAL FE L ICP-MS /T © A AT R
R B = lE & S EAE LB S BF RN
R AR 72 B AR T DA 7
{LEFEBECICP-MS /AT o s IR ~ 8%~ SR
o R o WK v T ER R A
ERRFERASBIESZ T ERHE » U -~ 755
SR A Ay E S B e i Y o BRER
BEHRTEZMNE  FEriTEES T2
FERA: M5 BRI FHICP-MSE R B = K
ICP-MS/MSE (LA EFRE LSHZ T8 -

MFERTTE

— ~ 1RRERIR
ENTEAEA T IWAL L N U ASE Bl YN
MECE S o EFRIFTI e I SRl wlky - A
HEEE - HARKEH -
= i
()
fid B8 (Nitric acid, 67-70%)5% FH 8 #liff K
A EER AR - B H £ Bl Avantor J.T.Baker
/\F](Center Valley, PA, USA) - i@E L&
(Hydrogen peroxide, 30%)#¢FiE ik
0 5 2B Merck KGaAZ\ F|(Darmstadt,
Germany) ° BT 7K(FLEER25°C Al
18 MQ-cmPA E) -
e 2 EYE
ZEFER (NS - #K$%) (Calibration
mix 2, 100 mg/L) 5 % 5 N R E R (A
&t~ B $E) (ICP-MS internal standard
mix, 100 pg/mL)E I HEB Agilent
TechnologiesZ: 7(Santa Clara, CA, USA) ;
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SRAZHAE YT (Mercury standard solution, 7K300 mLH » BN LBE T /K500

1,000 mg/L)f# H B Sigma-Aldrich/A F] mL °

(Louis, MO, USA) ; #& A AEHE T (Iridium (EN0% S ER A TR

standard solution, 1,000 mg/L ) 72 & HURY EE GEB L #R) 50 mL » #BRE A 8k

Merck KGaAZANF] 5 $HIEAE L (Molybdenum F7K300 mLH - FFANEEET /K EFEELS00

standard solution, 1,000 mg/L) & e mL °

1% (Gold standard solution, 1,000 mg/L)%F ENEREEEE AR~ %

f# F £ B AccuStandard /) 5] (New Haven, i Tife B 26 B P9 ED AR VR O B B AR YE L S5

CT, USA) ; #FfE#E i (Cadmium standard mL * KERA R EENR0.5 mL » 435I LA5%

solution, 1,000 mg/L) % H 3B Highpurity 0% MIA TR EAS 250 mL - ELUFEFE

/\H](North Charleston, SC, USA) » DA BEZHBEREZR] pg/mL - fER

R REE IR ICP-MS S Tk - ] ARV T (5% BRF ) B A AT [

T ¥ (Cocoa powder)Z ¥ & (FAPAS 1 (10%fEERFRFE) ©

T07368QC) & B 5 B %) 5e & i B Bz 858 (R VA W 2 Bl B

%% 5(Food and Environ-ment Research FETE = A2 EHICPIEAE 0.5 mL KRR HE

Agency, UK) ° f110.05 mL » PA5%3K 1 0% B VA T E A 2

St 50 mL - HGE & N EREETR 1 80N A

FEFE(50 mL » PPAE) ~ HEIM(50 K BEIEW RS - HLAS%E10%H R A 1’

500 mL - WY EREIAE) ~ BORIE LA MR ~ §% » SR K $#50-25 ng/mL (&N

R PTFEME) ~ RIS g B (FL1%0.45 HTREYE ST 10 ng/mL K £ R E R T

pum ° PTFEFE) ° 100 ng/mL) * % AR - AEERRHES
_ BEsn T 1 (5% H R AR RE ) R AR YEVE TR 1T (10%1H
= - {RERENE FRF ) -

()0 BE =i JE (L 48 B (UltraCLAVE, A
Milestone, Italy) @ H1,000 WL _Eiig ) h -~ BERTA

0BG EE RNER RS R AT - (g A
OB HL2EE (MARS 6, CEM, 1. IR LS E
USA) £1,000 WDA EigHHiph=R - W EAH IR RHRESR 2% - 0.5 g - FETEREE
J5£ B¢ JBR T 7 [El BRI R AT @ BIROEEALE A - DA N BRI
EECFERE & BRI E R # (7850 ICP-MS, W1 0.5 mL > fiHfESs mLiGEE(LE]
Agilent Technologies, USA) ° mL - REE NEFE30 #EH LR
(o) K JFE A 75 BB AR R IR RS 22.(8900 ICP-MS/ K HIGREETIEL - AR AR E
MS, Agilent Technologies, USA) ° M DUEBEF KRS mL VR
(mfE 7 E 85 (Blender) © AL BRIROEABENEF - DLEBET
ot 2 KERZES0 mL » B AR - &R
RCLELLS B - (LR -

(5% RIS T
HUHBR GEEAEAR) 25 mL » #E#E 1A LB+
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Zx— ~ MERXHBUH LR

(RPF BHIZHR SR FrRgee R B

(W) (min)  (min) () (bar)

1

1,200 30 15 250 160

2. AR H LA E
PR 211% - BUJ0.5 g - FETEREE -
BRBEEEES - A N B
I 0.5 mLEAHI%E10 mL i@ E L&l
mL - FRER TEFE30#EEHE bR
W FIGREETTIH L - AR ASRE
B DLEBEF/KERS mLUEREE
HALE - SRR ABEHEH - DLEEET
KERZESO mL » A - L8
EEYE - R -

# : 15 L/min °
FHENESRE ¢ 0.9 L/min °
FLERFE ¢ 1.0 L/min -
fill SR E © 4 mL/min e

BT (m/z) -
VARIDIVE N HEZAEETHR
fif 75 Fadt 74
i 114~ 111 > 112 ## 103
#H 98+ 9596
7K 202 ~ 200 201 e 193
B 208 ~ 206 207 £ 209

R BEANUBHIL ZH L&

et e FHERRT RAERERT R
LEE (W) (min) (min) (°C)
1 1,800 25 5 210
2 1,800 15 30 230
CagllE

TR 22 R R A VA YR DS o S =R
53 BIEAICP-MSH « gtigl ~ ZZE R
FABHEZS AR~ §7 © SRk S B H T
#E L ETRBR I LU - R R YRR SR RS
HEFRAH ~ 88~ SREGET & B (mg/kg) ¢
AR 87 R & &
(mghkg) =~
C : FIEHEAR RIS M R P ~ 87~ 7R
B 2 IR (ng/mL)
C, : FHAZHE gl SR SR 15 22 (R i R B
5~ FREVHS . R (ng/mL)
VR E R 2B mL)
M : BRI S 2 EE(g)
ICP-MSHIE 4 -
AR E AR £ 1,550 W ¢

G IR E LS HEHR BT T R
1. ICP-MSAREA LR T HEH
(1) Z SR =
Fr®1 ~ 10 ~ 100521,000 ng/mLEHFEH#E
VEWEAIO ~ 1~ 10 ~ 10021,000 ng/mL
$H K1 ng/mL#RE A IEAE AW 3 BT
AICP-MS - {HHIZ AL HLE0-10
mL/min[f 2 7 RCIEE - (R85 EEE
ZEHE - EER e R LS TR
5 B R B R RRTUE -
(2)FHALSHIR FE B e e~
Di#E AR5 mE » B ZHE 1 ng/mLEF
Z0-1,000 ng/mLFHREHE VA R DA
LAHIEAICP-MS » 586 K HIE
B IR AV B SR A UE AR A B R FE LL
B > BT RE A RIUE T EEk
S T 2 SHA KRS -
() fe & E ST H R R
H
RZ2EE#E A0 ~ 1~ 5510 mg/kg
SEME R THY) » DLRARIN0.02 ~ 0.3
0.9 mg/kgdf » FTALSH TV ESRZ IR
IOEIBCR A2 -
2. ICP-MS/MSE R A L FrIE 55
(1) &SR IR
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FC®I1 ~ 10 ~ 100521,000 ng/mLSHFZEHE
VAWAI0 ~ 1~ 10 ~ 100521,000 ng/mL
$H K1 ng/mL#RE A IEE AW 53 B E
AICP-MS/MS - & HI& R I #HO0-1.5
mL/minf# 2 $8ECE(E - (K87 Bk FE(E
ZEHE - R RE R E LI T E A
BRI i FEE R
(2)F R SHR R B 2 f
DREERTE - 281 ng/mLiF
Z0-1,000 ng/mLFEZEHE AR DAE & 5
I3 FFEAICP-MS/MS - 51587 K80
(B IR HE VA W B SR AR E VA W PR SRR
PefE - BRI RCE SR T > &
SR g 1 2 SRR -
Qg Erh = H T EY EHREICRI
%
AZEEREEEIIAO ~ 1~ 55210 mg/kg
SETE R T-H8Y) > DURRNN0.02 ~ 0.3 5%
0.9 mg/kg » FEAGEHTHEY EHER R
IOENBCR A2 -
(et A
SRR ELEYERE M Z
T LB TR MERORE , (ETT
WERGAES - B AR @ L AT Tk
HEWERE ~ RS ROE EMBIR(LOQ) -
1. & SR
B HEE B E (n > 7)Z2 L R
R o EIEAE - 5T EL Rk (E 2 13E
7 (s) » N YIEHE ARG TEGLOQIE
g o
FAMELOQIRE = 10 s/m
m : FEHERRR R
RNINEIlE
PoZ 2 m /M RR E R B I AR AR
RS AR~ $7 R KBS B R0.02 K
0.1 mg/kg » HKFTETL.Z ik E TR H ]
Wil - BHESE R M2 SFEg
RCV s BHREES - IRAFE ST

HIfE®E i ER - SKIGEEIER K
CV(-HFEfEZEE - Intermediate precision)
(n=10) °

R

— » BIRIR IR 2 ERET

AT AT 2B Y)E0.5 ¢ » DU ERFE D
EE L EMBIEL - MR AT AR IR ERS mLEs
Al L& mL & & AU E T B i e
R - SEETT LE A AN I ERS mL LA R AR R
5 mLIBEGEE LS mLZE R - &5
o BE30ETHELE - SRR SN ILEE
L& FERARAK - BVeT ol LAH#RS mLA]
ARARAE - SR AT b B R TS I B AR B
30 EFETTHOGHEAL - I kR D 0 R
LB SR RBIZIRER S - &R HAEH,
SRR ERFRILEE LS mLEBEAL -

Z AR AOHREtIREE T TEZR
&1
(HICP-MS AR A LFRIH T 5B
1. B F SRR A
B —A-CHH#IZ27¥ 1,000 ng/mLHIE%E
VETREL ng/mLEBIEHEA A RR T
0-10 mL/minft]Z $%EFE{E (Count per
second, CPS)#&1t, : HWIFE S 5 i i 1Y
o Med s M cdR™? CdETEAL00O
ng/mLEFIEHEATR (Mo 1,000).2 % CPSHH
g _EF - #IR RS (He) i 1.5 mL/min
ERAE 0 RERITHS mL/minfk i[5
KEEAE - HE] ng/mLEFIEHE A
I ASHE AR R — ERE -
B —D-FH/RAf &3 - 0~ 110 100
ng/mLIFEL ] ng/mLIFIE SIEHEETGE
VU —3 - frn Ll - 724
FIH4.0 mL/min | - HSHEEELE100
ng/mLLAT » AlVEERE(LER T8 - TR



28
RASEYIRT R BN

(D)

14Cd 1icq
25000 25000
20000 *Cdl 20000 *Cdl
EMol B Cdl+Mel
g 1000 gy 15000 Cdl+Mo10
4 AMol0 ACdI+Mo
Cdl+Moion
© Joooo Molga < o000 !
J‘P Mol0oo Cdl+Maloon
s000 ¥ sopo @
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 1.0 6.0 8.0 10.0
e (ml./min) He (mL/min)
l.ll.Cd ]11Cd
25000 25000
20000 *Cdl 20000 ¢ Cdl
EMol BCdl+Mol
.
E 15000 A Mol E 15000 Acdi+Moto
Mol0o 4
L o © 10000 Cdl+Molon
Mol000 Cdl i Molooo
0.0 20 4.0 6.0 8.0 100 0.0 20 4.0 6.0 50 ld,ﬂ
He (mL/min) He (mL/min)
lllc d IIZC d
24000 25000
20000 *Cdl 20000 +0di
mMol mCdl i Mol
15000 AMolo & 15u00 ) ACd1+Mol0
-
M ny
' Loooo toloo O oo Cdl+Mol00
Mol000 Cd1+Mol000
5000 & 5000
4 i LEEEY 0 s Hid
00 20 40 6.0 8.0 10.0 0.0 20 4.0 6.0 50 10.0

He (mL/min)

He (mlL/min)

B— * ICP-MSE R EEMoTF 48" Cd (A)(D) » '"'Cd (B)(E)&'"Cd (C)(F) CPSZ /4
Cd 1: Cd 1 ng/mL; Mo1: Mo 1 ng/mL; Mo10: Mo 10 ng/mL; Mo100: Mo 100 ng/mL;
Mo1,000: Mo 1,000 ng/mL; CPS (Count per second) : ICP-MSZ R FE{H °



s B g Al -

2. SHIR R R 2
{# FHICP-MS 4 mL/min&A &4
S BIEAE A1 ng/mLEFEZ0-1,000 ng/mL

(A)

g
o

1.5

1.0

0.5

Relative signal intensity

0.0

(B)

2.0

1.5

1.0

0.5

Relative signal intensity

0.0

V5] i < A T AR B RS SR T B

110 =111 w112 w113 m114 w116

-

-

0 1 5 10 50 100 500
Cd 1 + Mo concentration (ng/mL)

1000

110 =111 w112 w113 m114 w116

-
- -

-

0 1 5 10 50 100 500
Cd 1 + Mo concentration (ng/mL)

1000

29

SEAEATE - R A A RIR e
T 2 (3 -
CPSHL{E + #ESRANE i - AR
V4 mL/min T - & R & R

B = - LUCP-MS& R /7RO mL/min (A)K4 mL/min (B)A475%8E 1 ng/mL§RZ0-1,000 ng/mLEE 2 {Z#8 7
R R AL RE(E
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50065 AL - A BT RE B SR AEENE BT
-

3. e A H T E YRR R 2
# FHICP-MS 4 mL/min&A &5
RZEEfgEE R AnASEO ~ 1 55210 mg/kg
{ERTHEY) > DI$§0.02 ~ 0.3/£0.9 mg/kg
RNINEE - FRIMER=F~ - HbpR
EHES F10 mg/kgfH%E0.02 mg/kgF iR
INECR R - EEREBR IR
2101.0-105.0% * F/RLAICP-MSE R
4 mL/minf@ ] - fEARBE 2 S &R
w2505 A b A Ed BB+

(OICP-MS/MSE Rt A LR T

1. B E SRR ET A
B = A-CH 27 A 1,000 ng/mLEEAE
HERTE T R 0-1.5 mL/minff§7.2
CPS# L : YIS RITEE I - 7
114> 114 ~ 111 > 11152112 > 112 CPSH)
g B - BREEEREAMoE(LIP

FXMoO - &Rk Rl T8 - HIRE
SRILHO0.1 mL/minzEf AME - WHRER
TEE0.45 mL/min KIERHEEFTIE
M7E0.6 mL/minf¥F » $-FMCPS » FH~
ZEiEE RE A MoOE LI FEMo0, » A
3% TERR - HILEF ng/mLEFEE
R A SR = EE - B =D-F
HRA]ZETE > 0~ 1~ 10~ 100 ng/mLEH
Bl | ng/mL$FIR &R ME A OE e 2%
F—F > HI100 ng/mLIEE DT RIS
NGB il - fre Lot - 3FE e
EALEMo0, » DLEFRE LEH+H -
Ho%F0.6 mL/mindfE( TR EEE

2. sHIREESfsmtnil 2 R 8

{# FHICP-MS/MS 0.6 mL/min& &4
BT+ 53 HFEAEE 1 ng/mLEF.20-1,000
ng/mLEAIFHEETR - ST E S HHKERE
B R UE VA TR B SRS VA T [F) (] 2 SR
F#110> 110%116 > 116 CPSEL{E - #5
RAnE AR - FIHICP-MS/MS &R

&=~ LICP-MSZRmAE N7 8 7] Al AGRE RN R R SRR 4 oz [ R
Cd Mo Cd Mo
Sample spiked level spiked level Recovery cv Recovery cv
(mg/kg) (mg/kg) (%) (%) (%) (%)
=) 0.02 0 101.0 2.8 - -
1 102.7 3.0 101.5 0.3
5 111.7 1.5 97.7 0.4
10 124.5 1.6 97.2 0.6
I o 121 07 -
1 102.8 0.6 106.6 2.1
5 103.2 1.5 108.8 1.1
10 105.0 0.7 97.1 0.2
o o 1036 08 -
1 104.5 0.8 106.4 1.3
5 104.4 1.1 109.6 0.7
10 104.7 0.4 94.9 1.2
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(D)

114 > 114 114 > 114
+Cdl
35000 +Cdl asenn B Cdl+Mol
B Mol 30000 o o o
30000 e T A CdI+MolD
25000 Ml 25000 Cdl t Molnn
Mel00 g
E 20000 20000 Cd1+Mol00a
Mol0oo
o 15000 : & 1sa00
10000 9 10000
so00 ¥ so0p @
0 B T i : K| o
0.0 0.3 0.6 0.9 1.2 L5 0.0 03 0.6 09 1.2 1.5
O, (mL/min) O, (mL/mim)
111 > 111 111 > 111
35000 33000
e 30000 oo
30000 ol B Cdl+Mel
25000 A Molo 25000 & Cd1+Mol0
w1 20000 Mol00 a 20000 Cd1+Mo100
a 15000 Mol00U bt 15000 e Cd1+Me1000
*
10000 10000 g ot Ny
5000 ' Pyl o
5000 p - ~
r'd |
0 s HEEEII P T S TR I, n
0.0 0.3 0.6 0.8 1.2 15 0.0 0.3 0.6 0y 1.2 15
0, (ml./min) O, (mL/min)
112 > 112 112 > 112
35000 *Cdl 35000 +Cdl
30000 EMol 30000 BCdi+Mol
25000 A Mol 33000 25T ACdI+Mol0
25 A
E 20000 Mall)  gn o000 Cdl I Mo100
Cdl I Mol0on
O 15000 Mol 1y 500 °
10000 10000 et :;71_.-\_1
5000 4 ¢ snon 6@
¥ ¥ ¥ Rl | 1]
0.0 03 06 09 1.2 15 0.0 0.3 0.6 0.9 12 1.5

0, (mL/min)

0, (mL/min)

B = - ICP-MS/MSE R /&% MoT48'"“Cd (A)(D) » "'Cd (B)(E)&'""Cd (C)(F)#llz 2,28
Cd: Cd 1 ng/mL; Mo1: Mo 1 ng/mL; Mo10: Mo 10 ng/mL; Mo100: Mo 100 ng/mL; Mo1,000: Mo 1,000

ng/mL; CPS @ ICP-MS/MSZ R FE{E -
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+ LIICP-MS/MS

(A)

(B

Relative signal intensity

p—

Relative signal intensity

4.0

3.0

4.0

3.0

RISV BN

=110 =111 ®112 %113 =114

~116

==

LRI

_ chgaEn
_ I A ]
3 T E:-'E?;%ﬁ:: F
1 z 280 CEHsR EESRC
34 ~ T . ™ 4 -
3 ~ T . A B A -Ea
e ~ ofs CEER: ERCRC
K- = T ] 1
3 = w- CERAR: (4 4
T T T
0 | 5 10 50 100
Cd | + Mo concentration (ng/mL)
=110 w111 =112 =113 m1l4 =116
;g Gk TR R SR er T
Do ok ok Rt il Rl ek
: 1 B R 11 B ) . 28
z 1 “R: LERART : 1 . “8:
A E R R
T T T T T
| 5 10 50 100 500 1000

Cd | + Mo concentration (ng/mL)

RAPEE K iR 1RE RUFE(E

i#0.6 mL/min | - $H 88,2 & & IL{E
100015 A & EHite HlE ks -
3. b h & A HEY EREICR 2B

&0 mL/min (A)%0.6 mL/min (B)77&%& 1 ng/mL#&:20-1,000 ng/mLEAFEER

AR

Az kg EE R ASHO ~ 1~ 5510 mg/kg
{ERTF4EY) > DI$§0.02 ~ 0.320.9 mg/kg
Fe RIS » FERAIFRIYAR - HiF
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=P~ LUCP-MS/MSE R EZ /T B Bl Al iaRE R N8R K R4 48 oz [l R

Cd Mo Cd Mo
Sample spiked level spiked level Recovery’ cv . cvV
(mg/kg) (mg/kg) (%) (%) Recovery” (%) %)
H A 0.02 0 102.5 1.5
1 99.3 4.5 100.5 0.2
5 97.7 1.9 93.2 0.7
10 100.5 4.3 93.1 0.9
N o 1040 s - -
1 103.6 0.8 104.5 1.1
5 101.8 1.5 98.1 1.6
10 103.3 1.4 94.1 0.3
oo o 1038 04 -
1 103.0 1.4 105.2 1.0
5 103.6 0.6 98.1 1.6
10 102.8 0.4 91.0 0.4

IRINENER AT F297.7-104.0% » F2R A
ICP-MS/MSE R #0.6 mL/minfg ] -
s 2 $HE B RIBE ES00RELLT »
NEIERKTE -

ir DA - iR EE RS & R R RS 250
ELLT » DAICP-MSZE & f5 34 mL/min
I BgEEE E B S &  BCRgEL
DA = A R B -

=~ MR

() E EMRIREF(
PUINEE i im b3t - REEH LY 7022
HEE - W 8 SRR ZTAGLOQD A
£50.0048 ~ 0.0013 ~ 0.0035%20.021 mg/kg °
oS B TTR N A ZRE M AR
Bgsiiat o R B8 KRB ZLOQRT Y
0.02 mg/kg » ALEFTERAERINEHERE -

ERR =
EEHE TR RE SRR IERR
e ER e 22 Bt - 3BT AN0.02 K

0.1 mg/kg#- SEMEETHE H &2 HHE -
AR R AR AFTR » W 88 SRS
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Mi.crowave Element Spiked level Intraday” Interday”
digester (mg/kg) Recovery (%) CV (%)  Recovery (%) CV (%)
Milestone PAs 0.02 102.8 3.2 101.3 33
UltracClave 0.10 100.7 3.1 100.8 2.6
Med 0.02 105.6 2.0 106.3 24
0.10 103.8 1.4 104.3 1.3
*“Hg 0.02 93.7 4.4 92.5 3.6
0.10 100.1 1.9 97.4 43
%pp, 0.02 109.0 2.6 104.6 8.4
0.10 101.8 2.9 94.9 8.0
ccem "As 002 99 09 9.0 74
MARS 6 0.10 101.5 22 101.0 3.0
"cd 0.02 96.3 4.9 99.7 52
0.10 104.1 1.4 103.3 1.6
*“Hg 0.02 98.2 1.5 94.1 5.1
0.10 97.5 4.0 96.9 3.4
*%pp, 0.02 1113 72 107.3 93
0.10 101.5 1.8 102.0 48
*n=5.
"n=10.
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Development of an Analytical Method for Heavy
Metals in Chocolate and the Study on Molybdenum
Interference in Cadmium Analysis

YI-CHEN TSAI, SHUM-YUAN HSIAO, CHIA-HSIN LIU, YING-RU SHEN,
SHU-HAN CHANG, YA-MIN KAO, MEI-CHIH LIN
AND SU-HSIANG TSENG

Division of Research and Analysis, TFDA, MOHW

ABSTRACT

Chocolate is a popular food and cocoa beans are used as raw materials. The growth environment and
processing of cocoa beans affect the heavy metal contents in the final chocolate products. The Ministry
of Health and Welfare in Taiwan announced amendment of the “Sanitation Standard for Contaminants
and Toxins in Food” to add cadmium limits in chocolate and cocoa powder, which will be implemented
starting 2026. This study used acid-assisted autoclave digestion or closed style microwave digestion,
combined with ICP-MS analysis to establish a testing method for arsenic, cadmium, mercury and lead
in chocolate simultaneously. To address the interference of molybdenum oxide with cadmium detection
due to the same mass-to-charge ratio, this study evaluated the helium mode in ICP-MS and the oxygen
mode in ICP-MS/MS. Results showed the accuracy of cadmium quantification may be affected only if the
molybdenum content in the sample was higher than 250 times that of cadmium by ICP-MS at a helium
flow rate of 4 mL/min. In this case, ICP-MS/MS with the oxygen mode could be used to confirm the
cadmium content. Blank samples were spiked with As, Pb, Cd, and Hg at levels of 0.02 mg/kg and 0.1
mg/kg, respectively, and the recoveries of the four elements were between 92.5% and 111.3% with the
coefficients of variation of 1.3% to 9.9%. The limits of quantification for the four elements were all 0.02
mg/kg. The method established in this study showed good accuracy and precision and aligned with the

current testing trends.

Key words: chocolate, cocoa powder, heavy metals, microwave digestion, ICP-MS, ICP-MS/MS,
molybdenum oxide





